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Rinderpest. 
Preparation  of  Anti-serum.^ 

{^Received  for  publication  on  Ut  July  1916.] 

DURING  the  past  ten  years  the  procedures  adopted  in  the  prepara- 
tion of  anti-rinderpest  serum  at  the  Muktesar  laboratory  have 
^een  frequently  revised  and  improved  as  the  result  of  experiments  direct- 
ed to  finding  a  means  of  raising  the  potency  of  the  serum  and  effect- 
ing economies  in  its  manufacture.  The  latter  consideration  became 
more  urgent  as  the  demand  for  serum  increased  owing  to  the  supply 
of  susceptible  hill  cattle,  employed  in  its  production,  being  strictly 
limited  ;  the  introduction  by  Holmes  ^  of  plains  buffaloes  for  serum 
making  greatly  lessened  this  difficulty  but  hill  cattle  were  still  neces- 
sary for  maintaining  and  furnishing  the  rinderpest  virus  for  hyper- 
immunization  and  as  test  animals  in  the  standardization  of  the 
cserum. 

In  1914-15  the  issues  of  anti-rinderpest  serum  rose  to  13,88,560 
doses  at  5  c.c.  per  dose,  and  the  demand  for  anthrax  and  hsemorrha- 
gic  septicaemia  sera  also  greatly  increased.  Difficulties  of  accommo- 
dation and  fodder  supply  for  the  cattle  now  made  it  necessary  to  as- 
certain whether,  in  view  of  a  possible  further  rise  in  the  demand,  any 
•modifications  of  the  existing  methods  could  be  effected  with  the 
object  of  increasing  the  yield  of  serum  proportionately  to  the  number 
of  cattle  employed. 

A  comparative  study  of  the  yields  resulting  from  different 'methods 
of  separating  the  serum  from  the  blood  was  undertaken  by  Dr. 
Norris,^  Physiological  Chemist  of  the  Muktesar  laboratory,  and  as  a 
result  of  his  investigation,  a  combined  centrifuging  and  clotting 
method  has  been  introduced  in  place  of  the  former  practice  of  defibri- 
nating  the  blood  before  centrifugalization. 

Recent  observations  in  the  preparation  of  anti-diphtheritic,  anti- 
tetanic  and  other  sera  have  shown  that  antitoxin  content  reaches 
its  maximum  from  five  to  seven  days  after  injection  of  the  antigen 
(toxin,  culture,  etc.)  into  the  serum-making  animal  and  that  from  this 
time  the  potency  of  the  serum  falls  fairly  rapidly. 


*  Results  arrived  at  in  October  1915. 

*  Holmes,  J.  D.  E.,  Rinderpest.  Indian  Civil  Veterinary  Department   Memoir  No.   3, 
1911,  p.  98. 

'  Norris,  R.   V.       A  comparison  of  the  "  Defibrination  "  and  "  Oxalate  "  methods 
-of  serum  preparation,  Bulletin  No.  60,  Agri.  Research  Institute,  Pusa. 
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Little  attention  appears  to  have  been  given  to  this  point  in  the- 
case  of  anti-rinderpest  serum  but  since  a  reduction  of  the  interval 
between  injection  and  bleeding  would  effect  a  saving  both  in  the  cost 
of  feeding  and  in  the  number  of  animals  required  for  serum  making,, 
the  matter  is  one  of  some  importance  when  a  large  output  of  serum 
has  to  be  maintained. 

The  early  workers  on  anti-rinderpest  serum  allowed  a  considerable 
interval  to  elapse  between  the  last  injection  of  virulent  blood  and 
the  first  bleeding  for  serum  but  there  is  a  curious  absence  of  precise 
information  on  this  point  in  their  reports  ;  the  bleedings  were  usually 
continued  at  intervals  of  from  seven  to  ten  days  for  three  or  more 
bleedings. 

Kolle  and  Turner  ^  in  their  report  to  the  Secretary  for  Agriculture^ 
South  Africa,  give  no  details  of  the  actual  bleedings  when  describing 
the  method  of  preparation  of  the  serum,  nor  does  Turner  ^  furnish 
particulars  on  this  point.  Rogers,^  who  states  that  he  followed  the 
method  of  Kolle  and  Turner,  merely  remarks  that  bleedings  were  made 
once  a  week  for  three  weeks. 

Lingard  *  in  describing  his  rapid  method  of  preparing  serum  states- 
that  the  first  bleeding  was  taken  14  days  after  the  termination  of 
the  reaction  following  injection ;  and  adds  "  If  the  reaction  lasted  8 
days,  bleeding  would  be  performed  for  the  first  time  on  the  22nd  day 
after  the  injection  of  virulent  blood."  This  method  of  allowing  an- 
interval  of  three  weeks  after  injection  and  then  bleeding  weekly,  was 
followed  at  the  Muktesar  laboratory  up  to  the  year  1911  when 
Holmes  ^  showed  that  a  more  potent  serum  was  .obtained  by  bleeding 
at  14  to  16  days  after  injection  of  the  virulent  blood  and  giving  a 
second  bleeding  two  days  later  ;  he  adopted  this  procedure  of  two 
bleedings  after  each  injection  as  the  routine  method  for  serum  manu- 
facture and  it  has  been  in  operation  up  to  the  present  time. 

At  the  serum  laboratory  of  the  Bureau  of  Agriculture,  Philippine- 
Islands,  Jobhng  *  adopted  the  method  then  practised  at  Muktesar ; 
he  states:  *'  Following  Roger's  plan  the  animals  after  receiving  1000 
c.c.  of  virulent  blood  are  allowed  to  remain  until  the  temperature  be- 
comes normal.     They  are  then  bled  three  times  with  an  interval  of 

*  Kolle  and  Turner.  Report  on  progress  of  Research  Work  at  Kimberley,  Veteri- 
nary Journal,  Vol.  XLV,  1897,  p.  462. 

2  Turner,  G.  Rinderpest  in  South  Africa,  The  Journal  of  Tropical  Veterinary  Science, 
Vol.  1,  1906,  p.  269. 

*  Rogers,  L.     Report  on  Rinderpest,  1900,  p.  89. 

*  Lingard,  A.     Report  on  Rinderpest,  1906,  p.  13. 

*  Hobnes,  J.  D.  E.     Loc.  cit. 

*  Jobling,  J.  W.  Pn-liminary  Report  on  the  Study  of  Rinderpest,  Bulletin  No.  4,. 
Bureau  o/  Qovernmenl  Laboratories,  Manila,  Philippine  Itlands,  1903,  p.  17. 


RINDEBPEST — PllEPARATION   OF  ANTI-SBRUM  o 

one  week  between  each  bleeding."    But  the  length  of  time  considered 
necessary  before  taking  the  first  bleeding  is  not  stated. 

Later  reports  from  the  same  laboratory  by  Ruediger  ^  and  Ward 

^  and  Wood  ^  describe  the  method  of  serum  preparation  that  is  followed 

and  give  seven  to  ten  days  as  the  interval  allowed  between  injection 

And  the  first  bleeding,  two  further  bleedings  being   taken   at  intervals 

of  one  week. 

No  reference  has  been  found  to  any  experiments  designed  to 
ascertain  the  potency  of  serum  taken  at  varying  intervals  after 
inoculation  of  virulent  rinderpest  blood. 

Holmes  ^  tested  the  value  of  serum  from  first,  second  and  third 
l)leedings  from  plains  bulls,  hill  bulls  and  buffaloes.  Three  animals 
were  used  in  each  case  for  the  production  of  the  serum  and  the  bleed- 
ings were  taken  on  the  15th,  18th  and  23rd  days  after  injection  but 
as  the  sera  from  the  different  bleedings  were  not  tested  at  uniform 
doses  it  is  difficult  to  make  any  satisfactory  comparisons  from  the 
lesults. 

The  series  of  observations  described  in  this  paper  were  carried  out 
to  ascertain  the  potency  of  sera  taken  8,  12  and  16  days  after  the 
injection  of  virus  and  to  compare  the  results  with  those  given  by  sera 
taken  15  and  17  days  after  injection  ;  the  latter  intervals  were  those 
allowed  in  the  routine  method  of  serum  manufacture  followed  at  the 
Muktesar  laboratory,  the  bleedings  being  taken  at  the  rate  of  6  c.c. 
and  8  c.c.  per  lb.  body  weight  respectively.  The  three  bleedings  at 
four  days  intervals  were  all  taken  at  the  rate  of  6  c.c.  per  lb. 

Previous  experience  had  shown  that  cattle  would  stand  bleeding 
to  this  extent  with  little  or  no  interference  to  their  health  and  it 
.seemed  probable  that  the  potency  of  the  sera  from  the  second  and 
third  bleedings  would  not  be  found  to  diminish  as  rapidly  as  when 
intervals  of  a  week  are  allowed  between  the  bleedings  ;  the  saving  in 
time  would  also  be  a  consideration.  Tests  were  made  of  the  potency 
of  the  mixed  sera  from  the  two  series  and  were  repeated  on  a  large 
scale  using  both  hill  bulls  and  buffaloes  for  serum  production. 

As  the  main  purpose  of  the  experiments  was  to  provide  an  in- 
creased yield  of  serum  which  should  be  at  least  of  equal  potency  to 
that  prepared  by  the  existing  routine  method,  records  were  kept 
of  the  amounts  of  serum  obtained  at  each  bleeding  and  the  total  yields 
given  under  the  two  systems  were  compared. 

^  Reudiger,  E.  H.  Observations  on  Cattle  Plague,  The  Philippine  Journal  of  Science, 
Vol.  IV,  s.  B.,  No.  5,  1909,  p.  384. 

*  Ward,  A.  R.  and  Wood,  F.  W.  Experiments  on  the  Efficiency  of  Anti-Rinderpeat 
Serum,  BiUletin  No.  19,  Bureau  of  Agriculture,  Manila,  Philippine  Islands,  1912,  p.  19. 

*  Holmes,  J.  D.  E.  Rinderpest.  Memoirs  of  the  Department  of  Agriculture  in  India, 
Veterinary  Series,  VoL  II,  No.  2,  Nov.  1913,  p.  65. 
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Throughout  the  experiments  the  potency  of  the  sera  was  testecE 
on  susceptible  hill  bulls,  six  for  each  test,  by  injecting  them  simultane- 
ously with  virulent  rinderpest  blood  and  graduated  quantities  of  the- 
serum.  ^^ 

In  the  routine  serum  testing,  doses  of  36  c.c,  72  c.c.  and  108  c.c, 
per  600  lb.  body  weight,  two  bulls  at  each  dose,  are  employed,  these 
amounts  being  equivalent  to  2  c.c,  4  c.c.  and  6  c.c,  respectively  in  the 
case  of  plains  animals  ^;  but  in  order  to  gain  a  more  accurate  estimate 
of  the  relative  values  of  the  sera,  the  doses  throughout  the  experiments- 
were  fixed  at  27  c.c,  54  c.c  and  81  c.c.  per  600  lb.  body  weight,  equal 
to  1^  c.c,  3  c.c.  and  4^  c.c  respectively  for  plains  cattle. 

At  each  test  two  hill  bulls  were  inoculated  with  virulent  blood- 
alone  to  serve  as  controls ;  after  developing  symptoms  of  acute- 
rinderpest  these  were  bled  to  death  to  provide  virulent  blood  for' 
hyperimmunization. 

EXPERIMENT  I. 

To  compare  the  values  of  sera  taken  8,  12  and  16  days  after  the- 
injection  of  virulent  rinderpest  blood  with  those  of  sera  taken  15  and' 
17  days  after  a  similar  injection. 

Ten  hyperimmune  serum- making  hill  bulls  were  selected  and' 
divided  into  two  series,  A  and  B,  so  that  the  five  animals  of  each  series- 
had  received  an  approximately  equal  number  of  previous  injections^ 
and  bleedings. 

All  were  injected  on  the  same  day  with  a  mixture  of  virulenf 
rinderpest  blood  and  potassium  citrate  solution,  the  doses,  which' 
varied  from  8  to  10  c.c  of  the  mixture  per  lb.  body  weight,  being 
regulated  according  to  the  number  of  previous  injections  the  animalsv 
had  received. 

The  animals  of  series  A  were  bled  8,  12  and  16  days  later  at  the* 
rate  of  6  c.c  per  lb.  body  weight  and  the  sera  labelled  A  1,  A  2  and 
A  3  respectively. 

The  animals  of  series  B  were  bled  on  the  15th  day  at  the  rate  of 
6  c.c.  and  on  the  17th  day  at  the  rate  of  8  c.c.  per  lb.  body  weight ;  the- 
sera  being  labelled  B  1  and  B  2  respectively. 

'  For  convenience  of  issue  the  standardized  dose  of  serum  for  plains  cattle  is  taken- 
at  5  c.c.  per  600  lb.  body  weight  though  owing  to  the  varying  susceptibility  possessed 
by  different  animals  this  only  apphes  to  the  least  susceptible  ;  in  other  cases  more  thani 
a  single  dose  must  be  employed.  Owing  to  their  uniform  high  susceptibility  hill  bulls 
are  most  suitable  for  test  purposes  and  as  observations  have  shown  that  they  require- 
eighteen  times  the  dose  of  serum  necessary  for  plains  animals  of  low  susceptibility,  the 
teat  doaefl  are  fixed  accordingly  ;  only  serum  which  protects  hill  bulls  at  72  c.o.  or 
leM  per  600  lb,  body  weight  (equal  to  4  e.c.  for  plains  cattle)  is  issued. 
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Serum-making  Bulls. 

Summary. 
Series  A. — Three  bleedings  at  6  c.c.  per  lb.  body  weight. 


Hill  Bull 

No. 

Virulent 
biood  and 
potassium 

citrate 
injected 

c.c. 

Bled  on 
8th 
day 

c.c. 

Total 
Serum 
A  1. 

c.c. 

Bled  on 
12th 
day 

c.c. 

Total 

Serum 

A  2. 

c.c. 

Bled  on 
16th 
day 

c.c. 

Total 

Serum 

A3. 

c.c. 

3,385 
4,047 
3,925 
3,279 
4,024 

2,400 
2,000 
2,000 
2,600 
1,600 

1,900 
1,600 
2,100 
2,000 
1,300 

-      4,250 

1,900 
1,700 
1,700 
2,000 
1,500 

>     4,950 

1,900   " 

1,700 

1,500     y     5,500 

2,000 

1,400   ^ 

Total 

10,600 

8,900 

4,250 

8,800 

4,950 

8,500 

5,500 

Series  B. — Two  bleedings  at  6  c.c.  and  8  c.c.  per  lb.  body  weight 

respectively. 


HUl  Bull 
No. 

Virulent 

blood  and 

potassium 

citrate 

injected 

c  c. 

Bled  on 
15th  day 

c.c. 

Total 

Serum 

B  1. 

c.c. 

Bled  on 
17th  day 

c.c. 

Total  serum  B  2. 
c.c. 

4,674 
3,851 
4,473 
4,493 
4,311 

1,200 
2,200 
2,200 
1,800 
1,800 

900 
1,800 
1,600 
1,500 
1,400 

>-3,250 
J 

1,400 
2.600 
2,100 
2,100 
1,900 

4,500 

Total     . 

9,200 

7,200 

3,250 

lOjOOO 

1 

4,500 

< 
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Tests  of  Sera  Al,  A2,  A3,  Bl  and  B2. 

Summary. 
8erum  Al. — Test    animals  and  controls  inoculated  with  05  c.c.  virulent 
blood  from  hill  bull  No.  5333 — temperature  40°  C,  vesicles  6th  day 
of  attack. 


Maxi- 

No. of 
t3et  animal. 

Age 

Weight 

Dose 
per  600 

Ih 

Actual 
Dose 

mum 
tem- 
pera- 

Vesicles 

Kesult 

HiUBuU 

weight 

ture 
reac- 

tion 

yrs. 

lb. 

c.c. 

c.c. 

5,357 

3 

194 

27 

8-8 

40-5 

10th  day 

Moderate  reaction. 
Recovery. 

5,355 

3 

210 

27 

9-5 

39-6 

nil 

Slight         reaction. 
Recovery. 
Moderate  reaction. 

5,358 

H 

186 

54 

16-8 

40-2 

8th  day 

Recovery. 

5,356 

4 

216 

54 

19-5 

40-3 

11th  day 

Moderate  reaction. 
Recovery. 

5,359 

3 

172 

81 

23-2 

390 

nil 

No        reaction. 
Recovery. 

5,354 

H 

226 

81 

30-5 

401 

nil 

Very     slight     re- 
action.            Re- 
covery. 

Controls. 
Hill  Bull  5360.     Severe  attack,  temperature  39-6''C.     Vesicles  8th  day.  '^  Bled  to  death 
Hill  Bull  5361.     Severe  attack,  temperature  40-6"C.     Vesicles  8th  day.  J      9th  day. 

Serum  A2. — Test  animals  and  controls  inoculated  with  05  ex.  virulent 
blood  from  hill  bull  5718,  temperature  40'3°C,,  vesicles  6th  day. 


No.  of 

Dose 

Maxi- 

test 
animal 

Age 

Weight 

per  600 
lb. 

Actual 
Dose 

mum 
tera- 

Vesicles 

Result 

HiU  Bull 

weight 

ture 

yrs. 

lb. 

C.C. 

c,o. 

5,747 

3 

176 

27 

7-9 

40 

nil 

Moderate  reaction. 
Recovery. 

6,749 

u 

176 

27 

7-9 

40-6 

»» 

Moderate  reaction. 
Recovery. 

5,750 

2 

180 

54 

16-2 

39-3 

i> 

Slight  reaction. 
Recovery. 

6,746 

2 

190 

54 

171 

40-5 

" 

Moderate  reaction. 
Recovery. 

6,377 

3 

188 

81 

25-4 

40-5 

f> 

Slight  reaction. 
Recovery. 

6,372 

2 

200 

81 

27 

39-7 

t» 

Slight  reaction. 
Recovery. 

Controls. 
Hill  Bull  6766.     Very  severe  attack,  temperature  41''C.  Vesicles  7th  day.  ^  Bled  to  death 
Hill  Bull  6756.  Very  severe  attack,  temperature  40-9''C.  Vesicles  6th  day. )      8th  day. 
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•Serum  A3. — Tested  with  serum  A2.    Virulent  blood  from  the  same  hill 

bull  being  employed. 


No.  of 
test 
animal 
HiU  Bull 

Age 

Weight 

Dose 

per  600 

lb. 

weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

CO. 

c.c. 

6,748 

2i 

172 

27 

7-7 

40-3 

nil 

Moderate  reaction. 
Recovery. 

5,596 

3 

174 

27 

7-8 

40-4 

8th    day 

Died  13th  day. 

•6,752 

2 

180 

54 

16-2 

40-7 

nil 

Moderate  reaction. 
Recovery. 

-5,751 

3 

196 

54 

176 

40-4 

tt 

Moderate  reaction. 
Recovery. 

^,378 

3 

180 

81 

24-3 

395 

»> 

Very  slight  re- 
action. Re- 
covery. 

5,380 

2 

192 

81 

25-9 

40-7 

9f 

Slight  reaction. 
Recovery. 

Serum  B1. — Test  animals  and  controls  inoculated  with  0'5  cc.  viru- 
lent blood  from  hill  bull  5432,  temperature  40° C,  vesicles  6th  day 
of  attack. 


No.  of 

test 

animal 

HUl  Bull 

Age 

Weight 

Dose 
per  600 

lb. 
weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

c  c. 

c.c. 

5,480 

2 

170 

27 

7-6 

41 

nU 

Moderate  reaction. 
Recovery. 

;5,482 

2 

186 

27 

8-37 

40-5 

" 

Moderate  reaction. 
Recovery. 

.5,481 

4 

210 

54 

18-9 

39-8 

>» 

Slight  reaction. 
Recovery. 

«,479 

6 

298 

54 

26-8 

39-8 

" 

Slight  reaction. 
Recovery. 

5,478 

5 

406 

81 

548 

40-5 

'• 

Slight  reaction. 
Recovery. 

6,477 

12 

412 

81 

55-6 

40-7 

»» 

Slight  reaction. 
Recovery. 

Controls. 
Hill  Bull  5474.    Severe  reaction  401*C.     Vesicles  6th  day.     Bled  out  8th  day. 
Hill  Bull  5475.    Severe  reaction  40-6''C.    Vesicles  8th  day.    Bled  out  9th  day. 


RINDEEPEST — PREPARATION   OF   ANTI-SERUM 

Serum  B2. — The  same  virulent  blood  and  controls  as  for  Serum  Bl. 


No.  of 

test 

animal 

Age 

Weight 

Dose 

per  600 

lb. 

Actual 
Dose 

Maxi- 
mum 
tem- 

Vesicles 

Result 

Hill  BuU 

weight 

pera- 
ture 

yrs. 

lb. 

c.c. 

c.c. 

5,488 

3 

174 

27 

7-8 

40-5 

nil. 

Moderate  reaction. 
Recovery. 

5,486 

3 

180 

27 

8-1 

40-7 

8th  day 

Died  12th  day. 

5,487 

4 

200 

54 

18 

400 

10th  day 

Moderate  reaction. 
Recovery. 

5,485 

7 

240 

54 

21-6 

400 

nil 

Slight  reaction. 
Recovery. 

5,484 

12 

318 

81 

42-9 

39-5 

» 

Slight  reaction. 
Recovery. 

5,483 

10 

378 

81 

51 

40-2 

» 

Slight  reaction; 
Recovery. 

CONCLUSIONS. 
A  comparison  of  the  results  of  the  above  five  tests  shows  that — 

(1)  the  rinderpest  antibodies  were  present  in  the  serum  of  hyper- 

immune animals  in  full  amount  8  days  after  the  injection; 
of  virulent  blood, 

(2)  at  the  second  bleeding  on  the  12th  day  the  antibodies  were 

still  present  in  sufficient  quantity  for  27  c.c.  per  600  lb. 
body  weight  to  protect  hill  bulls  against  the  injection  of 
virulent  blood,  which  is  equal  to  r5  c.c.  per  600  lb.  in  the 
case  of  plains  animals, 

(3)  the  serum  from  a  third  bleeding  four  days  later  was  still  pro- 

tective in  doses  of  54  c.c.  for  hill  bulls  or  3  c.c.  for  plains^ 
bulls  per  600  lb.  body  weight, 

(4)  the  serum  from  a  first  bleeding  15  days  after  the  injection  of 

virulent  blood  was  fully  protective  in  doses  of  27  c.c.  for 
hill  bulls  or  1*5  c.c.  for  plains  bulls,  but  at  a  second  bleed- 
ing on  the  17th  day  the  potency  had  fallen  so  that  54  c.c. 
per  600  lb.  body  weight  were  required  to  give  full  protec- 
tion to  hill  bulls. 


IIINDERPEST — PREPARATION   OF    ANTI-SERUM  V^ 

EXPERIMENT  II. 

To  compare  the  value  of  the  mixed  serum  obtained  from  three 
bleedings,  8th,  12th  and  16th  days  after  injection  with  that  of  serum 
from  two  bleedings  taken  on  the  15th  and  17th  days. 

The  three  sera  Al,  A2  and  A3  of  series  A  and  the  two  sera  Bl 
and  B2  of  series  B  were  mixed  separately  in  the  proportions  of  the 
total  yields  from  each  bleeding  and  labelled  A123  and  B12  res- 
pectively ;  these  sera  were  then  tested  at  the  same  time. 


Tests  of  Sera  A 123  and  B12. 

Summary. 

Serum  A123. — Both  sets  of  test  animals  and  the  controls  inoculated' 
mth  0  5  ex.  virulent  blood  from  hill  bull  No.  5519  temperature 
40'6°C.,    vesicles    6th    day. 


No.  of 

test 

animal 

Hill  Bull 

Age 

Weight 

Dose 
per  600 

lb. 
weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

C.C. 

c.c. 

5,577 

2i 

146 

27 

6-5 

39-6 

nil 

Slight  reaction . 
Recovery. 

5,675 

3 

162 

27 

7-2 

40-8 

10th  day 

Moderate  reaction 
Recovery. 

6,576 

2 

168 

54 

151 

39-8 

nil 

Slight  reaction; 
Recovery. 

6,573 

3 

181 

64 

16-2 

40-8 

»» 

Moderate  reaction. 
Recovery. 

;  5,574 

H 

204 

81 

27-5 

39-9 

" 

Very  slight  re- 
action. Re- 
covery. 

6,578 

H 

224 

81 

30-2 

39-8 

♦' 

Very     slight     re- 
action.            Re- 
covery. 
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Serum  B12. 


No.  of 

test 

animal 

-Hill  BuU 

Age 

Weight 

Dose 
per  600 

lb. 
weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

c.c. 

c.c. 

6,571 

H 

168 

27 

7-5 

40-8 

8th    day 

Moderate  reaction. 
Recovery. 

5,567 

2 

178 

27 

8 

401 

nil 

Moderate  reaction. 
Recovery. 

5,568 

6 

179 

54 

161 

39-2 

f> 

Slight  reaction. 
Recovery, 

5,569 

n 

183 

64 

16-4 

40-6 

»> 

Slight  reaction. 
Recovery. 

5,572 

2 

194 

81 

26-1 

40-6 

>» 

Moderate  reaction. 
Recovery. 

5,570 

2 

252 

81 

34 

40-2 

10th  day 

Moderate  reaction. 
Recavery. 

Controls. 

Hill  Bull  6565.  Severe  attack,  temperature  40'7*'C.  Vesicles  7th  day.  Bled  to  death. 
8th  day. 

Hill  Bull  6621.  Severe  attack,  temperature  40'2°C.  Vesicles  6th  day.  Bled  to  death. 
7th  day. 


CONCLUSIONS. 

The  above  results  show  that  the  mixed  serum  from  3  bleedings 
on  the  8th,  12th  and  16th  days  after  injection  and  that  from  2 
bleedings  on  the  15th  and  17th  days  were  protective  in  doSes  of  27 
c.c.  for  hill  bulls,  or  1*5  c.c.  for  plains  bulls,  per  600  lb.  body  weight, 
but  the  "  3  bleedings"  serum  gave  a  distinctly  better  test. 
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EXPERIMENT  III. 

To  compare  the  value  of  the  mixed  serum   from  a  second  series  of 
3  bleedings  on  the  8th,  12th  and  16th  d^ays  after  the  injection  of  viru- 
lent blood  in  animals  previously  bled  three  times,  with  the  mixed  serum , 
from  2  bleedings  on  the  15th  and  17th  days  in  animals  previously  bled, 
twice. 

The  advantage  of  injecting  the  rinderpest  virus  into  an  animal 
when  in  a  negative  phase  and  the  detrimental  effect  on  the  potency 
of  the  serum  of  doing  so  when  the  animal's  blood  already  contains 
a  considerable  quantity  of  antibody,  were  demonstrated  by  Holmes.  ^ 

Animals  bled  three  times  at  the  rate  of  6  c.c.  per  600  lb.  body 
weight  may  be  presumed  to  lose  a  greater  amount  of  the  rinderpest  anti- 
bodies than  those  bled  twice  at  the  rate  of  6  c.c.  and  8  c.c.  fespectively, 
so  that  the  response  in  antibody  formation  to  the  injection  of  a  given 
quantity  of  antigen  (virulent  blood)  should  therefore  be  greater  in 
the  former  than  in  the  latter  and  a  more  potent  serum  be  produced. 
The  object  of  the  present  experiment  was  to  determine  whether 
this  could  be  demonstrated. 

The  same  ten  hill  bulls  used  in  series  A  and  B  received  an  injection - 
of  virulent  blood  and  potassium  citrate  solution  12  days  after  the  last 
bleeding  in  the  previous  experiments.  Xhe  bulls  of  series  A  were  bled 
on  the  8th,  12th  and  16th  days  after  injection  at  the  rate  of  6  c.c.  per 
lb.  body  weight  and  the  total  serum  obtained  from  the  three  bleedings  - 
mixed  ;  Serum  A456.  The  bulls  of  series  B  were  bled  on  the  15th  and 
17th  days  after  injection  as  before  and  the  total  serum  mixed  ;  Serum. 
B34. 

Serum-Making  Bulls. 
Summary. 
Series  A. — Second  set  of  three  bleedings  at  6  c.c.  per  lb.  body  weight. 


Virulent 

Hill  Bull 
No. 

blood  and 

Bled  on 

Total 

Bled  on 

Total 

Bled  on 

Total 

potassium 

8th 

Serum 

12tli 

Serum 

16th 

Serum 

citrate 

day 

A4. 

day 

A5. 

day 

A6 

injected 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

c.c. 

3,385 

2,400 

1,800 

1 

1,800 

■N 

1,800 

»v 

4,047 

2,000 

1,600 

1 

1,600 

1,600 

3,925 

2..000 

1,600 

y     3,500 

1,500 

V     4,600 

1,500 

^     4,850 

3,279 

2,600 

2,000 

■> 

1,900 

1,900 

4,024 

1,600 

1,300 

1,300 

-' 

1,300 

J 

Total    . 

10,600 

8.300 

3,500 

8,100 

4,600 

8,100 

4,850 

'  Holmes,    J.    D.    E.     Rinderpest.     Indian  Civil    Veterinary     Department    Memoir, 
No.  3;  1911. 
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Series  B. — Second  set  of  two  bleedings  at  6  ex.  and  8  c.c.  per  lb. 

respectively. 


Hill  BuU 
No. 


Virulent 

blood  and 

potassium 

citrate 

injected 


4,674 
3,851 
4,473 
4,493 
4,311 


Total 


Bled  on 
15th  day 


1,200 
2,200 
2,200 
1,800 
1,800 


9,200 


Total 
Serum 
B3. 


1,000 
1,800 
1,600 
1,400 
1,300 


y     3,650 


Bled  on 
■17th  day 


Total  Serum  B  4. 


1,400 
2,500 
2,200 
1,900 
2,000 


7,100 


3,650  10,000 


5,650 


5,650 


Tests  of  Sera  A456  and  B34, 

Summary. 

Serum  A456, — The  test  animals  in  both  cases  and  the  controls  were 
inoculated  with  O'o  c.c.  virulent  blood  from  hill  bull  5600,  temper- 
ature 40  5°  C.  vesicles  on  6th  day. 


No.  of 
test 
animal 
Hill  BuU 

Age 

1 

Weight 

Dose 
per  600 

lb. 
weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

c.c. 

c.c. 

6,738 

3 

176 

2r 

7-9 

40-6 

8th    day 

Died  14th  day. 

6,736 

6 

188 

27 

8-4 

40-5 

nil 

Moderate  reaction 
Recovery. 

5,736 

3 

196 

64 

17-6 

39-9 

>> 

Slight  reaction. 
Recovery. 

6,733 

3 

212 

64 

19 

40-8 

9th    day 

Moderate  reaction. 
Recovery. 

5,729 

3 

216 

81 

291 

40-6 

10th  day 

Moderate  reaction. 
Recovery. 

6,728 

5 

280 

81 

32-4 

.     40-7 

8tb    day 

Moderate  reaction. 
Recovery. 

RINDERPEST — PREPARATION    OF   ANTI-SKRUM 

Serum  B34. 
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No.  of 
{test 
animal 
HUl  Bull 

Age 

Weight 

Dose 

per 

6001b. 

weight 

Actual 
Dose 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

yrs. 

lb. 

c.c. 

c.c. 

5,734 

3 

188 

27 

8-4 

41-4 

8tb    day- 

Died  11th  day. 

6,698 

3 

192 

27 

8-6 

40-2 

nil 

Moderate  reaction. 
Recovery. 

5,737 

3 

198 

54 

17-8 

40-8 

8th  day 

Died  18th  day. 

-5,730 

4 

206 

54 

18-5 

39-8 

nil 

Moderate  reaction. 
Recovery. 

6,732 

7 

224 

81 

30-2 

39-9 

nil 

Moderate  reaction. 
Recovery. 

5,731 

2 

240 

81 

32-4 

41-0 

10th  day 

Moderate  reaction 
Recovery. 

Controls. 

Hill  Bull  5727.     Acute  attack,  temperature  39-9°C.  Vesicles  6th  day.     Bled  out  7th  day. 
.'Hill  Bull  5591.     Severe  attack,  temperature  40*2° C.  Vesicles  6th  day.     Bled  out  6th  day. 

CONCLUSIONS. 

Neither  of  the  mixed  sera  A456  and  B34  gave  as  good  tests  as  the 
•sera  A123  and  B12,  possibly  on  account  of  greater  susceptibihty 
•of  the  batch  of  hill  bulls  used  for  the  tests  or  of  greater  virulence  of 
■the  virus,  but  the  three-bleedings  mixed  serum  again  proved  shghtly 
;better  than  the  two-bleedings  mixed  serum.  The  difference  was 
■however  not  sufficiently  marked  to  draw  any  definite  conclusion  as  to 
a  greater  production  of  antibodies  having  occurred  in  the  animals 
^previously  bled  three  times  than  in  those  only  bled  twice. 
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EXPERIMENT  IV. 

In  consequence  of  the  foregoing  results  it  was  decided  to  compare- 
the  3  bleedings  and  2  bleedings  systems  on  a  large  scale  in  the  routine 
manufacture  of  anti-rinderpest  serum,  testing  the  two  methods  in 
hill  bulls  and  buffaloes  separately. 

Accordingly  without  making  any  selection  a  proportion  of  the 
serum-making  hill  bulls  and  buffaloes  were  bled  three  times,  on  the 
8th,  12th  and  16th  days  after  injection  while  the  remainder  were  bled 
as  previously,  that  is  on  the  15th  and  17th  days  after  injection  of  virus. 

In  this  way  64  hill  bulls  were  given  three  bleedings  which  yielded 
in  all  162,580  c.c.  of  mixed  serum  ;  Hill  bull  3  bleedings  serum. 

One  hundred  and  three  hill  bulls  were  bled  twice  and  gave  220,000  c.c. 
of  mixed  serum  ;  Hill  bull  2  bleedings  serum. 

Eighteen  buffaloes  were  bled  three  times  and  gave  63,525  c.c.  of 
mixed  serum ;  Buffalo  3  bleedings  serum  ;  and  58  buffaloes  bled  twice 
gave  156,600  c.c,  of  mixed  serum  ;  Buffalo  2  bleedings  serum. 

Each  serum  was  then  tested  on  4  hill  bulls — two  at  27  c.c.  and  two  at 
54  c.c.  per  600  lb.  body  weight ;  the  largest  dose  of  81  c.c.  per  600  lb.  was^ 
omitted  in  this  test. 

All  the  test  animals  and  controls  were  inoculated  with  0*5  c.c.  of 
virulent  blood  from  hill  bull  5785  taken  at  the  height  of  a  severe^ 
attack  of  rinderpest ;  temperature  40*3°  C,  vesicles  7th  day. 


Tests  of  Sera. 

Summary. 


Serum  Hill  Bull  2  Bleedings. 

No.  of 

test 

animal 

Age 

Weight 

Dose 

per  600 

lb. 

Actual 
Dose 

Maxi- 
mum 

Vesicles 

Result 

UUlBuU 

weight 

pera- 

yrs. 

lb. 

c.c. 

c.c. 

ture 

5,830 

1 

174 

27 

7-83 

40 

9th    day 

Moderate  reaction. 

5,831 

3 

182 

27 

819 

39-8 

ft 

Recovery. 
Moderate  reaction. 

5,829 

2 

212 

54 

1908 

40-3 

nil 

Recovery. 
Moderate  reaction. 

5,828 

H 

227 

54 

20-43 

40-3 

» 

Recovery. 
Moderate  reaction.. 
Recovery. 
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Serum  Hill  Bull  3  Bleedings. 

Maxi- 

No. of 

test 
animal 

Ago 

Weight 

Dose 

per  600 

lb. 

Actual 
Dose 

mum 
tem- 

Vesicles 

Result 

Hill  Bull 

weight 

ture 

yrs. 

lb. 

c.c. 

c.c. 

6,739 

1 

176 

27 

7-92 

40-7 

nil 

Moderate  attack. 
Recovery. 

6,738 

H 

190 

27 

8-55 

40-6 

9th    day 

Moderate  attack. 
Recovery. 

5,837 

2 

208 

54 

18-72 

39-7 

nil 

Slight  attack. 
Recovery. 

6,836 

2 

226 

54 

20-34 

40-5 

8th    day 

Moderate  attack. 
Recovery. 

Serum  Buffalo  2  Bleedings. 

Maxi- 

No. of 

Dose 

test 
animal 

Age 

Weight 

per  600 
lb. 

Actual 
Dose 

mum 
tem- 

Vesicles 

Result 

HiU  Bull 

weight 

pera- 
ture 

yrs. 

lb. 

c.c. 

c.c. 

6,834 

H 

196 

27 

8-82 

40-5 

9th    day 

Moderate  attack. 
Recovery. 

6,835 

3 

206 

27 

9-27 

40-8 

>> 

Severe  attack. 
Recovery. 

6,832 

1 

197 

54 

17-73 

40-6 

nil 

Slight  attack. 
Recovery. 

5,833 

2 

226 

54 

20-34 

40-2 

» 

Slight  attack. 
Recovery. 

Serum  Buffalo  3 

Bleedings. 

No.  of 

test 

animal 

HiU  BuU 

Age 
yrs. 

Weight 
lb. 

Dose 
per  600 

lb. 
weight 

c.c. 

Actual 
Dose 

c.c. 

Maxi- 
mum 
tem- 
pera- 
ture 

Vesicles 

Result 

6,827 
6,826 
6,826 
6,824 

2 
1 
3 
2 

192 

.     194 

196 

206 

27 
27 
54 
54 

8-64 

8-73 

17-64 

18-36 

40-6 
39-5 
40-2 
40-6 

nU 

f» 

»» 

Slight           attack. 

Recovery. 
Very  slight  attack. 

Recovery. 
Slight           attack. 

Recovery. 
Slight           attack. 

Recovery. 

Controls. 

HUl  BttU  5840.    Severe  attack,  temperature  40-7°C.    Vesicles  7th  day.     Bled  out  9th  day. 
HiU  Bull  5842.    Severe  attack,  temperature  40-8°C.    Vesicles  7th  day.     Bled  out  9th  day. 
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CONCLUSIONS. 

(1)  The  mixed  sera  obtained  by  both  the  3  bleedings  and  2  bleed- 
ings methods  from  hill  bulls  and  bufEaloes  were  protective  in  doses 
of  27  c.c.  for  hill  bulls  or  1'5  c.c.  for  plains  animals,  per  600  lb.  body- 
weight  ;  this  is  less  than  a  third  of  the  standard  dose  issued. 

(2)  The  mixed  sera  obtained  from  hill  bulls  by  the  two  methods 
were  of  about  equal  value  according  to  the  tests. 

(3)  The  mixed  serum  obtained  from  buffaloes  by  the  three-bleed- 
ings method  was  markedly  stronger  than  that  obtained  by  the  two-bleed- 
ings method  and  would  probably  protect  in  even  smaller  doses  than 
1.5  c.c.  per  600  lb.  body  weight  in  plains  animals. 


EXPERIMENT  V. 

To  compare  the  yields  of  serum  by    the  3  bleedings  and  2   bleed- 
ings methods. 

The  observations  were  made  at  the  same  time  as  those  of  Experi- 
ments I  to  III  on  the  10  hill  bulls  of  Series  A  and  B  and  so  cover  six 
bleedings  of  the  former  and  four  bleedings  of  the  latter  series.  Records 
were  kept  of  the  body  weights  of  the  animals  throughout  the  ex 
periments,  the  amounts  of  blood  taken  and  the  yields  of  serum  at 
each  bleeding. 

The  following  tables  show  the  total  figures    for  each    series  of    5 
animals  : — 


Series  A. — 6  bleedings  {2  sets  of  3  bleedings  at  6  c.c.  per  lb.  each  on  8th, 
12th  and  16th  days  after  each  injection). 


Bleeding 

Rate  per 
lb. 

Total  body 
weight 

lb. 

1,470 
1,455 
1,424 

ted    with 

1,445 
1,419 
1,406 

Total 
blood 

C.c. 

Total 
fibrin 

C.c. 

Total 
corpus- 
cles 

c.c. 

Total 
Serum 

c.c. 

Ist    . 
2nd  . 
3rd   . 

4th   . 
5th  . 
6th  . 

6  c.c. 
»» 

»f 

Reinjec 

6  C.C. 
»> 

Total    . 

8,900 
8,800 
8,500 

virus. 

8,350 
8,100 
8,100 

1,100 
1,150 
1,000 

1,850 
1,250 
1,050 

3,550 
2,700 
2,000 

3,000 
2,250 
2.200 

4,250 
4,950 
5,500 

3,500 
4,600 
4,860 

8,619 

50,750 

7,400 

15,700 

27,650 

RINDERPEST — PREPARATION   OF   ANTl-SERUM 
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SERIES  B. — 4:  bleedings  {2  sets  of  2  bleedings  at  6  and  8  c.c.  per  K>,  on 
15th  and  17th  days  after  each  injection). 


Bleeding 

Rate  per 
lb. 

Total 
body 
weight 

lb. 

Total 
blood 

c.c. 

Total 
fibrin 

c.c. 

Total 
corpus- 
cles 

cc. 

Total 
Serum 

cc. 

1st    .         . 

2nd  . 

3rd  .         . 
4th  . 

6  c.c. 
8  c.c. 

6  c.c. 
8  c.c. 

1,263 
1,212 
Reinjec 
1,279 
1,267 

7,200 

10,000 

ted    with 

7,200 
10,200 

1,150 
1,750 
virus. 

1,000 
1,400 

2,800 
3,750 

2,550 
3,150 

3,250 
4,500 

3,650 
5,650 

Total    . 

6,021 

34,600            5,300 

12,250 

17,050 

The  following  summary  is    obtained    from  a    comparison  of    the 
above  tables  : — 


Series  A 

Series  B 

(6  bleedings) 

(4  bleedings) 

Average  total  weight  of  hill  bulls  during  test 

1,439  lb. 

1,255  lb. 

Total  blood  taken      ...... 

50,700  c.c. 

34,600  c.c. 

Total  serum  obtained         ..... 

27,650  cc. 

17,050  CO. 

Total  blood  taken  per  lb.  body  weight 

35-23  c  c. 

27-56  c.c 

Total  yield  of  serum  per  lb.  body  weight 

19-21  c.c. 

13-58  c.c 

Percentage  of  serum  from  blood 

54-5  per  cent. 

49 -2  per  cent. 

Alteration  in  total  body  weight  during  test 

64  lb.  loss 

4  lb.    gain. 

A  comparison  of  the  figures  for  the  3  bleedings  and  2  bleedings 
methods  in  the  above  observation  shows — 

(1)  an  increased  yield  of  serum  after  each  injection  of  2*81  c.c. 

per  lb.  body  weight  by  the  former  method  (9*6  c.c.)  as 
against  the  latter  (6-79  cc.) ;  this  means  a  total  increased 
yield  of  41  "4:  per  cent, 

(2)  an  increased  percentage  yield  of  serum  from  the  blood  taken 

of  5-3  per  cent,  by  three  bleedings  (54-5  per  cent.)  over 
that  from  two  bleedings  (49-2  per  cent.)  the  proportion  of 
serum  increasing  with  each  successive  bleeding  of  a 
series. 
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The  results  of  the  Jibove  experiment  were  confirmed  by  the  yields 
of  serum  obtained  in  Experiment  IV,  large  series  ;  the  figures  are 
given  in  the  following  table  : — 


Animal 

Total 

number 

bled 

No.  of 
bleedings 

Total 
yield  of 
serum 

c.c. 

Average 

yield  per 

head 

CO. 

Hill  bull        .... 
Buffalo'         .... 

103 
64 

68 
18 

2 
3 
2 
3 

220,000 

162,680 

156,600 

63,625 

2,135 
2,640 
2,700 
3,629 

In  this  observation  the  figures  show  an  increase  of  serum  from  hill 
bulls  of  19  per  cent,  and  from  buffaloes  of  30-7  per  cent,  by  the  3 
bleedings  method  as  compared  with  the  2  bleedings  method,  but  as 
the  weights  of  the  animals  were  not  recorded,  this  observation  has 
not  the  same  accuracy  as  the  preceding  one. 


SUMMARY. 

1.  The  interval  allowed  between  the  injection  of  the  rinderpest 
blood  and  citrate  solution  mixture  and  the  first  bleeding  for  serum 
in  hyperimmune  animals  may,  with  advantage,  be  reduced  to  8 
days,  as  the  immune  bodies  are  then  present  in  full  amount. 

2.  By  taking  three  bleedings  at  the  rate  of  6  c.c.  per  lb.  body 
weight  on  the  8th,  12th  and  16th  days  after  injection  a  mixed  serum  ^as 
obtained  of  equal  (hill  bulls)  or  increased  (buffaloes)  potency  to  that 
obtained  by  taking  two  bleedings  15  and  17  days  after  injection  at 
the  rate  of  6  c.c.  and  8  c.c.  per  lb.  body  weight  respectively,  as  was 
done  in  the  routine  method  followed  at  the  Muktesar  laboratory. 

3.  The  actual  yield  of  serum  after  each  injection  was  increased 
from  6*79  c.c.  per  lb.  body  weight  by  the  two  bleedings  system  to  9-6 
c.c.  by  the  three  bleedings  system  or  an  additional  2*81  c.c.  of  serum 
per  lb.  body  weight;  an  increase  of  41-4  per  cent,  on  the  former  output. 

With  an  average  issue  of  over  500,000  c.c.  of  anti-rinderpest  serum 
per  month  this  increase  without  additional  expenditure  represents  a 
very  large  reduction  in  the  cost  of  manufacture. 


Muktesar, 
June  Ist,  1916. 


Publications  of  the  Imperial  Department  of  Agriculture  in  India. 


To  be  liad  from  : — 

The  Office  of  the  Agricultural  Adviser  to  the  Government  of  India,  Pusa,  Bihar, 

and  from  the  following  Agents  : — 

6.  D.  B.  Taraporevala,  Sons  &  Co.,  Bombay. 

7.  Thacker  &  Co.,  Ltd.,  Bombay. 

8.  Sunder   Pandurang,   Bombay. 

9.  Rai  Sahib  M.  Gulab  Singh  &  Sons,  Lahore. 
10.  Manager,  Educational  Book  Depot,  Nagpur. 


1.  Thacker,   Spink   &   Co.,  Calcutta. 

2.  W.   JMewman  &  Co.,  Calcutta. 

3.  Rai  M.  C.  Sarkar  Bahadur  &  Sons,  Calcutta. 

4.  Higginbotham  &  Co.,  Madras. 

5.  Thompson   &   Co.,   Madras, 


Annual  Report  of  the  Imperial  Department  of  Agriculture  in  India  for  the  year  1904-05.     Price, 

As.  12  or  Is.  2d.     (Chit  of  print.) 
Report  of  the  Imperial  Department  of  Agriculture  in  India  for  the  years  1905-06  and  1906-07. 

Price,  As.  6  or  Id. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  years  1907-09.     Price,  As.  4  or  5d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1909-10.     Price,  As.  4  or  5d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1910-11.     Price,  As.  6  or  7d.     (Out  of  print.) 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1911-12.     Price,  As.  6  or  Id. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1912-13.     Price,  As.  7  or  8d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1913-14.     Price,  As.  8  or  9d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  Report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1914-15.     Price,  As.  8  or  9d. 
Report  of  the  Agricultural  Research  Institute  and  College,  Pusa  (including  the  report  of  the 

Imperial  Cotton  Specialist),  for  the  year  1915-16.     Price,  As.  6  or  Id. 
Ref'Ort  on  the  Progress  of  Agriculture  in  India  for  the  years  1907-09.     Price,  As.  6  or  Id. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1909-10.     Price,  As.  6  or  Id. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1910-11.     Price,  As.  12  or  l.«.  Zd. 

(Out  of  print.) 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1911-12.     Price,  As.  6  or  Id. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1912-13.     Price,  As.  8  or  9d. 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1913-14.     Price,  As.  8  or  9d.       ^ 
Report  on  the  Progress  of  Agriculture  in  India  for  the  year  1914-15.     Price,  As.  5  or  6d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  6th  January  1905  and 

following  days  (with  Appendices).     Price,  As.  8  or  9d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  15th  January  1906  and 

following  days  (with  Appendices).     Price,  As.  12  or  Is.  2d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Cawnpur  on  the  18th  February  1907  and 

following  days  (with  Appendices).     Price,  R.  1-2  or  Is.  6d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  17th  February  1908  and 

following  days  (with  Appendices).     Price,  As.  8  or  Qd. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Nagpur  on  the  15th  February  1909  and 

following  days  (with  Appendices).     Price,  As.  8  or  Qd. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  21st  February  1910  and 

following  days  (with  Appendices).     Price,  As.  8  or  9<^. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  20th  November  1911  and 

following  days  (with  Appendices).     Price,  As.  10  or  Is.     (Oiit  of  print.) 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Coimbatore  on  the  8th  December  1913 

and  following  days  (with  Appendices).     Price,  R.  1-2  or  Is.  9d. 
Proceedings  of  the  Board  of  Agriculture  in  India  held  at  Pusa  on  the  7th  February  1916  and 

following  days  (with  Appendices).     Price,  R.  1-2  or  Is.  9d. 
Proceedings  of   the   Inter-Provincial  Jute   Conference   held   at   Calcutta   from'  the  2nd   to  4th 

August  1915  (with  Appendices).     Price,  As.  6  or  Id. 
Standard   Curriculum   for   Provincial  Agricultural   Colleges   as  recommended   by  the   Board   of 

Agriculture,  1908.     Price,  As.  4  or  5d. 
The  Agricultural  Journal  of  India:— A  Quarterly  Journal  dealing  with  subjects  connected  with 

agricultural  economics,  field  and  garden  crops,  economic  plants  and  fruits,  soils,  manures, 

methods   of   cultivation,   irrigation,   climatic   conditions,   insect   pests,   fungus   diseases,   co- 
operative  credit,    agricultural   cattle,   farm   implements   and   other   agricultural   matters   in 

India.     Illustrations,  including  coloured  plates,  form  a  prominent  feature  of  the  Journal. 

It  IS  edited  by  the  Agricultural  Adviser  to  the  Government  of  India  with  the  assistance 

of  the  staff  of  the  Pusa  Agricultural  Research   Institute.     Annual  subscription,  Rs.   6 

OS.  6a.,  including  postage.     Single  copy,  Rs.  2  or  3  shillings. 

i]  <  1 


or 


Memoirs  of  the  Department  of  Agriculture  in  India  are  Issued  from  time  to 
time  as  matter  is  available,  iu  separate  series,  such  as  Chemistry,  Botauy,  Ento- 
mology and  the  like. 

BOTANICAL  SERIES. 

Vol.  I,  No.  I.  Studies  in  Root  Parasitism.     The  Haustorium  of  Santalum  album,  Part  I. — 

Early  Stages  up  to  Penetration,  by  C.   A,   Barber,   m.a.,  f.l.s.     Price, 

R.  1.     {Out  of  print.) 
Part  II. — The  Structure  of  the  Mature  Haustorium  and  the  Inter-relations 

between  Host  and  Parasite,  by  C.  A.  Barber,  m.a.,  f.l.s.     Price,  Rs.  3. 

{Out  of  print.) 
Indian  Wheat  Rusts,  by  E.  J.   Butler,  m.b.,  f.l.s.  ;  and  J.   M.   Hayman, 

D.v.s.     Price,  Rs.  3.     {Out  of  print.) 
Fungus  Diseases  of   Sugarcane   in  Bengal,   by   E.   J.    Butler,   m.b.,   f.l.s. 

Price,  Rs.  3.     {Out  of  print.) 
Gossypium  obtusifolium,  Roxburgh,  by  I.  H.  Burkill,  m.a.     Price,  R.  1. 
An  Account  of  the  Genus  Phythium  and  some  Chytridiaceoi,  by  E.  J.  Butler, 

m.b.,  f.l.s.     Price,  Rs.  4-8.     {Out  of  print.) 
Cephaleuros  virescens,  Kunze;   The  'Red  Rust'   of  Tea,   by   Harold   H. 

Mann,  d.sc.  ;  and  C.  M.  Hutchinson,  b.a.     Price,  Rs.  4.     {Out  of  print.) 
Some   Diseases   of    Cereals   caused    by   Sclerospora   grarninicola,   by    E.    J. 

Butler,  m.b.,  f.l.s.     Price,  R.  1-8. 
The   Indian   Cottons,   by   G.   A.    Gammie,   f.l.s.     Price,   Rs.   7-8.     {Out  of 

print.) 

Note  on  a  Toxic  Substance  excreted  by  the  Roots  of  Plants,  by  F.  Fletcher, 
M.A.,  B.sc.     Price,  R.  1-8. 

Studies  in  Root  Parasitism,  Part  III. — The  Haustorium  of  Olax  scandens, 

by  C.  sj..  BarijER,  m.a.,  f.l.s.     Price,  Rs.  2  8. 
Studies  in  Root  Parasitism,  Part  IV. — The  Haustorium  of  Cansjera  Rheedii, 

by  C.  A.  Barber,  m.a.,  f.l.s.     Price,  Rs.  2-8.     {Out  of  print.) 
Some  experiments  in  the  Hybridizing  of  Indian  Cottons,  by  P.  F.  Fyson, 

B.A.,  F.L.S.     Price,  R.  1-8.     {Out  of  print.) 
The  Varietal  Characters  of  Indian  Wheats,  by  Albert  Howard,  m.a.,  f.l.s.  ; 

and  Gabrielle  L.  C.  Howard,  m.a.     Price,  R.  1.         {Out  of  print.) 
The  Mulberry  Disease  caused  by  Coryneum  mori  Nom.   in  Kashmir,  with 

notes  on  other  Mulberry  Diseases,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price, 

R.  1-8.     {Ou^  of  print.) 
The   Wilt   Diseases   of   Pigeon-Pea   and   the  parasitism   of   Neocosmospora 

vasinfecta,  Smith,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price,  Rs.  3. 
Studies  in  Indian  Tobaccos,  No.   1.     The  Types  of  Nicotiana  rustica,  L., 

Yellow   Flowered   Tobacco,   by   Albert   Howard,   m.a.,   a.r.c.s.,   f.l.s.; 

and  Gabrielle  L.  C.  Howard,  m.a.     Price,  Rs.  4. 

Vol.  Ill,  No.  II.  Studies  in  Indian  Tobaccos,  No..  2.  The  Types  of  Nicotiana  tabacum,  L., 
by  Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  and  Gabrielle  L.  C.  Howard, 
M.A.     Price,  Rs.  9. 

Vol.  Ill,  No.  III.       Studies  in  Indian  Fibre  Plants,  No.  1.     On  two  varieties  of  Sann,  Crotalaria 
^^  juncea,   L.,  by  Albert   Howard,   m.a.,   a.r.c.s.,   f.l.s.;   and  Gabrielle 

L.  C.  Howard,  m.a.     Price,  R.  1. 

The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 
Wheat  in  India,  No.  1.  The  Experiments  of  1907-08  and  1908-09,  by 
Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.  ;  H.  M.  Leake,  m.a.  ;  and  Gabrielle 
L.  C.  Howard,  m.a.     Price,  R.  1. 

The  Bud-Rot  of  Palms  in  India,  by  E.  J.  Butler,  m.b.,  f.l.s.     Price,  Rs.  2. 
The    Economic    Significance   of    Natural    Cross-Fertilization    in    India,    by 

Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  Gabrielle  L.  C.  Howard,  m.a.; 

and  Abdur  Rahman  Khan.     Price,  Rs.  4-8. 
Millets  of  the  Genus  Setaria  in  the  Bombay  Presidency  and  Sind,  by  G.  A. 

Gammie,  f.l.s.     Price,  R.  1. 
Studies  in  Indian  Fibre  Plants,  No.  2.     On  some  new  Varieties  of  Hibiscus 

cannabinus,  L.,  and  Hibiscus  Sabdariffa,  L.,  by  Albert  Howard,  m.a., 

a.r.c.s.,  f.l.s.  ;  and  Gabrielle  L.  C.  Howard,  m.a.     Price,  Rs.  3. 
Notes  on  the  Incidence  and  Effect  of  Sterility  and  of  Cross-fertilization  in 

the  Indian  Cottons^  by  H.  M.  Leake,  m.a.  ;  and  Ram  Prasad.     Price,  R.  1. 


Vol, 

,  I,  No.  II. 

Vol. 

I,  No.  III. 

Vol. 

I,  No.  IV. 

Vol. 

I,  No.  V. 

Vol. 

I,  No.  VI. 

Vol. 

II,  No.  I. 

Vol. 

II,  No.  II. 

Vol. 

II,  No.  III. 

Vol. 

II,  No.  IV. 

Vol. 

II,  No.  V. 

Vol. 

II,  No.  VI. 

Vol. 

II,  No.  VIL 

Vol. 

II,  No.  VIIL 

Vol. 

II,  No.  IX. 

Vol. 

Ill,  No.  I. 

Vol. 

Ill 

,  No 

.  IV, 

Vol. 

Vol. 

III, 
III, 

,  No. 
,  No. 

V. 

VL 

Vol. 

IV, 

No. 

I. 

Vol. 

IV, 

No. 

IL 

Vol. 

IV, 

No. 

III. 

BOTANICAL  SERIES — continued. 

Vol.  IV,  No.  IV.        Note  on  the  Inheritance  of  Eed  Colour  and  the  Regularity  of  Self-fertiliza- 
tion  in   Corchorus    capsularis,    L.,    the   common   Jute'  plant,    by    I.    H. 

BuRKiLL,  M.A.,  F.L.s. ;  and  R.  S.  Finlow,  b.sc.     Price,  R.  1. 
Vol.  IV,  No.  V.  Observations  on  Certain  Extra-Indian  Asiatic  Cottons,  by  H.   M.   Leake, 

M.A. ;  and  Ram  Prasad.     Price,  R.  1-8. 
Vol.  IV,  No.  VI.        The  Morphology  and  Parasitism  of  Rhizoctonia,  by  F.  J.  F.  Shaw,  b.sc, 

A.R.C.S.,  F.L.s.     Price,  Rs.  2. 
Vol.  V,  No.  I.  On  the  Inheritance  of  some  Characters  in  Wheat— I,  by  A.  Howard,  m.a., 

A.R.C.S.,  F.L.s.  ;  and  Gabrielle  L.  C.  Howard,  m.a.     Price,  R.  1. 
Vol   V,  No.  II  The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 

Wheat   in   India,    No.   2— The  Experiments   of   1909-10   and   1910-11,   by 

A.   Howard,  m.a.,  a.r.c.s.,  f.l.s.  ;  H.   M.   Leake,  m.a.;  and  Gabrielle 

L.  C.  Howard,  m.a.     Price,  R.  1. 
Vol.  V,  No.  III.         The  Varieties  of  Soy  Beans  found  in  Bengal,  Bihar  and  Orissa  and  their 

commercial  possibilities,   by  E.   J.   Woodhouse,' M.A.,   f.l.s.;   and  C.   S. 

Taylor,  b.a.     Price,  Rs.  2. 
Vol.  V,  No.  IV.  On  Phyfophthora  parasitica  nov.   spec.     A  new  Disease  of  the  Castor  Oil 

Plant,  by  J.  F.  Dastur,  b.sc.     Price,  Rs.  2. 
Vol.  V,  No.  V.  Studies    in    Peronosporacece   by    E.    J.    Butler,    m.b.,    f.l.s.;    and    G.    S. 

KxjLKARNi,  L.Ag.     Price,  Rs.  2. 
Vol.  VI,  No.  I.  Notes  on  Pollination  and   Cross-Fertilization  in  the  Common  Rice  Plant, 

Oryza  saliva,  Linn.,  by  G.  P.  Hector,  m.a.,  b.sc.     Price,  R.  1. 
Vol.  VI,  No.  II.         A  Sclerotial  Disease  of  Rice,  by  F.  J.  F.  Shaw,  b.sc,  a.r.c.s.,  f.l.s.     Price, 

R.  1. 
Vol.  VI,  No.  III.        Studies   in   Indian   Tobaccos,    No.    3.     The    Inheritance   of    Characters    in 

Nicotiana  tabacum,  L.,  by  Gabrielle  L.  C.  Howard,  m.a.     Price,  Rs.  3. 
Vol.  VI,  No.  IV.        Studies  in  Indian  Cottons,  Part  I — The  Vegetative  Characters,  by  H.  M. 

Leake,  m.a.  ;  and  Ram  Prasad.     Price,  Rs.  3-8. 
Vol.  VI,  No.  V.  Red  Rot  of  Sugarcane,  by  E.  J.  Butler,  m.b.,  f.l.s.  ;  and  A.  Hafiz  Khan. 

Price,  R.  1. 
Vol.  VI,  No.  VI.        Some  New  Sugarcane  Diseases,  by  E.  J.  Butler,  m.b.,  f.l.s.  ;  and  Abdul 

Hafiz  Khan.     Price,  Rs.  2. 
Vol.  VI,  No.  VII.      A  Preliminary  Note  on  the  Classification  of  Rice  in  the  Central  Provinces, 

by  R.  J.  D.  Graham,  m.a.,  b.sc     Price,  R.  1-8. 
Vol.  VI,  No.  VIII.     The  Influence  of  the  Environment  on  the  Milling  and  Baking  Qualities  of 

Wheat  in  India,   No.   3.     The  Experiments  of  1911-12,  by  A.    Howard, 

C.I.E.,  m.a.  ;   H.   M.   Leake,  m.a.  ;   and  Gabrielle  L.   C.    Howard,   m.a. 

Price,  R.  1  or  Is.  6cl. 
Vol.  VII,  No.  I.         Studies  in  Indian  Sugarcanes,  No.  1,  Punjab  Canes,  by  C.  A.  Barber,  scd. 

Price,  Rs.  3-8  or  5s.  6d. 
Vol.  VII,  No.  II.        The  Distinguishing  Characters  of  Sugarcanes  cultivated  at  Sabour,  by  E.  J. 

Woodhouse,  m.a.  ;  and  S.  K.  Basu,  m.a.,  with  a  note  on  Chemical  Charac- 
ters by  C.  SoMERS  Taylor,  b.a.     Price,  R.  1-8  or  2s.  6d. 
Vol.  VII,  No.  III.      The  Potato  Blight  in  India,  by  J.  F.  Dastur,  b.sc     Price,  R.  1  or  Is.  6d. 
Vol.  VII,  No.  IV.      The   Genus   Rhizoctonia   in   India,   by   F.   J.    F.    Shaw,   b.sc;   and   S.    L. 

Ajrekar,  b.a.     Price,  R.  1  or  1.?.  6^. 
Vol.  VII,  No.  V.        Experiments   on  the   Physiology   of   Indigo-yielding   Glucosides,   by   F.    R. 

Parnell,  b.a.     Price,  R.  1  or  Is.  M. 
Vol.  VII,  No.  VI.      Some   Varieties   of   Indian   Gram    (Cicer  arietinum,   L.),   by   A.    Howard, 

C.I.E.,  M.A. ;  Gabrielle  L.  C.  Howard,  m.a.;  and  Abdur  Rahman  Khan. 

Price,  R.  1  or  Is.  6d. 
Vol.  VII,  No.  VII.    Studies    in    Indian    Oil-Seeds,    No.    1.     Safflower    and    Mustard,    by    A. 

Howard,    c.i.e.,    m.a.  ;    Gabrielle   L.    C.    Howard,    m.a.  ;    and    Abdur 

Rahman  Khan.     Price,  R.  1-8  or  2s.  6d. 
Vol.  VII,  No.  VIII.  On  the   Inheritance   of   some   Characters   in   Wheat,    II,   by   A.    Howard, 

c.i.e.,  m.a.  ;  and  Gabrielle  L.  C.  Howard,  m.a.     Price,  R.  1-8  or  2s.  6rf. 
Vol.  VIII,  No.  I.       The  Wheats  of  Baluchistan,  Khorasan  and  the  Kurram  Valley,  by  Gabrielle 

L.  C.  Howard,  m.a.     Price,  R.  1-12  or  2s.  ^d. 
Vol.  VIII,  No.  II.      Observations  on  the  Inheritance  of  Anthocyan  Pigment  in  Paddy  varieties, 

by  G.  p.  Hector,  m.a.,  b.sc     (In  the  press.) 
Vol.  VIII,  No.  III.    Studies  in  Indian  Sugarcanes  No.  2,  Sugarcane  Seedlings,  including  some 

correlations  between  Morphological  Characters  and  Sucrose  in  the  juice, 

by  C.  A.  Barber,  scd.     Price,  Rs.  3  or  4s.  5d. 
Vol.  VIII,  No.  IV.    Pollination  and  Cross-fertilization  in  the  Juar  plant,  by  R.  J.  D.  Graham, 

m.a.,  b.sc     (In  the  press.) 
Vol.  VIII,  No.  V.      Phytophthora  sp.  on  Hevea  brasiliensis,  by  J.  F.  Dastur,  b.sc.     (In  the 

press.) 
Vol.  VIII,  No.  VI.    Phytophthora  on  Vinca  rosea,  by  J.  F.  Dastur,  b.sc     (In  the  press.) 
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CHEMICAL  SERIES. 

Vol.  I,  No.  I.  The  Composition  of  Indian  Rain  and  Dew,  by  J.  Walter  Leather,  Ph.D., 

r.i.c.     Price,  R.  1. 
Vol.  I,  No.  II.  The  Composition  of  the  Oil-Seeds  of  India  by  J.  Walter  Leather,  ph.u., 

F.i.c.     Price,  R.  1.     {Out  of  print.) 
Vol.  I,  No.  III.  The  Pot-Culture  House  at  the  Agricultural  Research  Institute,  Pusa,  by 

J.  Walter  Leather,  ph.D.,  f.i.c.     Price,  Rs.  3. 
Vol.  I,  No.  IV.  Experiments  on  the  Availability  of  Phosphates  and  Potash  in  Soils,  by 

J.  Walter  Leather,  ph.D.,  f.i.c.     Price,  R.  1-8. 
Vol.  I,  No.  V.  The  Construction  of  Drain, Gauges  at  Pusa,  by  M.  H.  Arnott,  m.inst.c.e., 

with  a  Preface,  by  J.  Walter  Leather,  Ph.D.,  f.i.c.     Price,  Rs.  3^    (Out 

of  print.) 
Vol.  I,  No.  VI.  The  Loss  of  Water  from  St^  during  Dry  Weather,  by  J.  Walter  Leather, 

Ph.D.,  F.I.C.     Price,  Rs.  2.     {Out  of  print.) 

Vol.  I,  No.  VII.         The  System   Water,    Calcium   Carbonate,    Carbonic   Acid,   by   J.    Walter 
Leather,  ph.D.,  f.i.c.  ;  and  Jatindra  Nath  Sen,  m.a.     Price,  R.  1. 

Vol.  I,  No.  VIII.       Water  Requirements  of  Crops  in  India,  Part  I,  by  J.  Walter  Leather, 

ph.D.,  f.i.c.     Price,  Rs.  3. 
Vol.  I,  No.  IX.  The  Nature  of  the  Colour  of  Black  Cotton  Soil,  by  H.  E.  Annett,  b.sc. 

Price,  R.  1. 
Vol.  I,  No.  X.  Water  Requirements  of  Crops  in  India,  Part  II,  by  J.  Walter  Leather, 

Ph.D.,  f.i.c.     Price,  Rs.  2-8. 
Vol.  II,  No.  I.  The  Composition  of  the  Milk  of  some  Breeds  of  Indian  Cows  and  Buffaloes 

and  its  Variations,  Part  I.     The  milk  of  some  breeds  of  Indian  cows,  by 

A.  A.  Meggitt,  b.sc.  ;  and  H.  H.  Mann,  d.sc.     Price,  R.  1-8. 
Vol.  II,  No.  II.  Records  of  Drainage  in  India,  by  J.  Walter  Leather,  Ph.D.,  f.i.c.     Price, 

R.  1. 
Vol.  II,  No.  III.        The  Rab  System  of  Rice  Cultivation  in  Western  India,  by  H.  H.  Mann, 

D.sc. ;  N.  V.  Joshi,  b.a.,  b.sc,  L.Ag. ;  and  N.  V.  Kantikar,  B.Ag.    Price, 

R.  1. 
Vol.  II,  No.  IV.         The  Composition  of  the  Milk  of  some  Breeds  of  Indian  Cows  and  Buffaloes 

and  its  Variations,  Part  II.     The  milk  of  some  breeds  of  Indian  buffaloes, 

by  A.  A.  Megqitt,  b.sc.  ;  and  H.  H.  Mann,  d.sc     Price,  R.  1-8. 
Vol.  II,  No.  V.  A  Contribution  to  the  Knowledge  of  the  Black  Cotton  Soils  of  India,  by 

W.  H.  Harrison,  m.sc  ;  and  M.  R.  Ramaswami  Sivan,  b.a.     Price,  R.  1. 
Vol.  II,  No.  VI.         The  Date-Sugar  Industry  in  Bengal,  an  Investigation  into  its   Chemistry 

and  Agriculture,  by  H.  E.  Annett,  b.sc,  assisted  by  G.  K.  Lele,  L.Ag. ; 

and  Bhailal  M.  Amin,  b.a.     Price,  Rs.  3. 
Vol.  Ill,  No.  I.  Evaporation  from  a  Plain  Water  Surface,  by  J.  Walter  Leather,  ph.D., 

F.I.C     Price,  R.  1. 
Vol.  Ill,  No.  II.         Studies  in  the  Chemistry  and  Physiology  of  the  Leaves  of  the  Betel-vine 

{Piper  Beth)   and   of   the   Commercial  Bleaching  of   Betel-vine  Leaves, 

Part  I,  by  H.  H.  Mann,  d.sc.  ;  D.  L.  Sahasrabuddhe,  b.sc,  L.Ag. ;  and 

V.  G.  Patwardhan,  B.Ag.     Price,  R.  1-8. 
Vol.  Ill,  No.  III.       The  Gases  of  Swamp  Rice  Soils,  Part  I.     Their  Composition  and  Relation- 
ship to  the  Crop,  by  W.  H.   Harbison,  m.sc  ;  and  P.  A.   Subramania 

Aiter,  B.A.     Price,  R.  1-8. 
Vol.  Ill,  No.  IV.       The  Experimental  Error  in  Sampling  Sugarcane,  by  J.  Walter  Leather, 

Ph.D.,  F.I.C.     Price,  R.  1. 
Vol.  Ill,  No.  V.         The  Fractional  Liquefaction  of  Rice  Starch,  by  F.  J.  Warth,  m.sc.  ;  and 

D.  B.  Darabsett,  B.9C     Price,  R.  1. 
Vol.  Ill,  No.  VI.       The  Yield  and  Composition  of  the  Milk  of  the  Montgomery  herd  at  Pusa 

and  Errors  in  Milk  Tests,  by  J.   Walter  Leather,   ph.D.,  f.i.c.  ;   and 

A.  C.  DoBBS.     Price,  R.  1  or  Is.  6d. 
Vol.  Ill,  No.  VII.     The  System  Potassium  Nitrate,  Sodium  Chloride,  Water,  by  J.  Walter 

Leather,  ph.D.,  f.i.c.  ;  and  Jatindra  Nath  Mtikerji,  b.a.,  b.sc     Price, 

R.  1  or  Is.  6d. 
Vol.  Ill,  No.  VIII.   The  Systems— (1)   Water  Magnesium  Carbonate  and   Carbonic  Acid,    (B) 

Water,  Calcium  Carbonate,  Magnesium  Carbonate  and  Carbonic  Acid,  by 

J.  Walter  Leather,  ph.D.,  f.i.c.  ;  and  Jatindra  Nath  Sen,  m.a.     Price, 

R.  1  or  Is.  6d. 
Vol.  Ill,  No.  IX.       Studies  of  an  Acid  Soil  in  Assam,  by  A.  A.  Meggitt,  b.sc     Price,  R.  1-8 

or  2s.  6d. 
Vol.  IV,  No.  I.  The  Gases  of  Swamp  Rice  Soils,  Part  II.     Their  Utilization  for  the  Aera- 

tion  of  the  Roots  of  the  Crop,  by  W.  H.  Harrison,  m.sc;  and  P.  A. 

Subramania  Aiter,  b.a.     Price,  R.  1  or  Is.  6d. 
Vol.  IV,  No.  II.         Soil  Temperatures,  by  J.  Walter  Leather,  v.d.,  f.i.c.     Price,  Rs.  2  or  3s 
Vol.  IV,  No.  III.       Soil  Gases,  by  J.  Walter  Leather,  v.d.,  f.i.c.     Price,  R.  1-8  or  2s.  6d. 
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CHEMICAL  SERIES— continued. 

Vol.  IV,  No.  IV.        The    Gases    of    Swamp    Rice    Soils,    Part    III.     A    Hydrogen-Oxidizing 

Bacterium   from   these   Soils   by   W.    H.    Hakeison,    d.sc.  ;    and   P.    A. 

SuBKAMANiYA  AiYER,  B.A.     Price,  As.  12  or  Is. 
Vol.  IV,  No.  V.         Some   Fa,ctors   affecting   the   Cooking   of   DhoU    (C'ajanus   indicus),   by   B. 

ViswANATH,   T.    Lakshmana   Row,   B.A.,   and   P.    A.    Raqhunathswami 

Atyangar,  d.a.     Price,  R.  1  or  Is.  6d. 
Vol.  IV,  No.  VI.        The   Insects   attacking   stored   wheat   in  the   Punjab   and   the   methods   of 

combating  them  (including  a  chapter  on  the  Chemistry  of  Respiration). 

by  J.  H.  Barnes,  b.sc,  f.i.c.  ;  and  A.  J.  Grove,  m.sc.     {In  the  press.) 
Vol.  IV,  No.  VII,      Studies  in  the  Chemistry  and  Physiology  of  the  Leaves  of  the  Betel-vine 

(Piper   Betle)    and   of   the   Commercial   Bleaching   of    Betel- vine   leaves, 

Part  II,  by  H.  H.  Mann,  d.sc,  and  V.  G.  Patwardhan,  B.Ag.    Price, 

R.  1  or  is.  6rf. 
Vol.  V,  No.  I.  The  Gases  of  Swamp  Rice  Soils,  Part  IV.     The  Source  of  the  Gaseous  Soil 

Nitrogen,  by  W.  H.  Harbison,  d.sc,  and  P.  A.  Stjbramania  AiybR,  b.a. 

[In  the  press.) 

ENTOMOLOGICAL  SERIES. 

Vol.  I,  No.  I.  The  Bombay  Locust — A  Report  on  the  Investigations  of  1903-04,  by  H.  M. 

Lefroy,  M.A.,  F.E.S.,  F.z.s.     Price,  Rs.  2-8. 
Vol.  I,  No.  II.  The  more  important   Insect   injurious  to   Indian  Agriculture,  by   H.    M. 

Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  Rs.  3.     [Out  of  print.) 
Vol  I,  No.  III.  The  Indian  Surface  Caterpillars  of  the  Genus  Agrotis,  by  H.  M.  Lefroy, 

M.A.,  F.E.S,  F.z.s. ;  and  C.  C.  Ghosh,  b.a.     Price,  R.  1-8.     (Out  of  print.) 
Vol.  I,  No.  IV  Individual  and  Seasonal  Variations  in  Helopeltis  theivora,  Waterhouse,  with 

description  of  a  new  species  of  Helopeltis,  by  Harold  H.  Mann,  d.sc. 

Price,  R.  1-8. 
Vol.  I,  No.  V.  The  Coccidce  attacking  the  Tea  Plant  in  India  and  Ceylon,  by  E.  E.  Green, 

F.E.S.,  F.z.s. ;  and  Harold  H.  Mann,  d.sc.    Price,  R.  1.     (Out  of  print.) 
Vol.  I,  No.  VI.  The  Mustard  Sawfly,  by  H.   M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.;  and  C.   0. 

Ghosh,  b.a.     Price,  R.  1.     (Out  of  print.) 
Vol.  II,  No.  I.  The  Rice  Bug,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1. 

Vol.  II,  No.  II.  Remarks  on  Indian  Scale  Insects  (Coccidce),  Part  III,  by  E.  E.   Green, 

F.E.S.,  F.z.s.     Price,  R.  1-8. 
Vol.  II,  No.  III.        The  Red  Cotton  Bug,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  R.  1. 

(Out  of  print.) 
Vol.  II,  No.  IV.         The  Castor  Semi-Looper,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Price,  Rs.  2. 

(Out  of  print.) 
Vol.  II,  No.  V.  The   Tobacco   Caterpillar,   by    H.    M.    Lefroy,   m.a.,   f.e.s.,  f.z.s.     Price, 

R.  1-8.     (Out  of  print.) 
Vol,  II,  NP.  VI.         The  Cotton  Leaf-Roller,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s."   Price,  R.  1-8. 

(Out  of  print.) 
Vol.  II,  No.  VII.       Notes  on  Indian  Scale  Insects   (Coccidce),  by  H.   Maxwell-Lefroy,^m.A., 

F.E.S.,  F.z.s.     Price,  R.  1-8.     (Out  of  print.) 
Vol.  II,  Np.  VIII.     Life-Histories  of  Indian  Insects — I.  (Coleoptera),  by  H.  Maxwell-Lefroy, 

M.A.,  F.E.S.,  f.z.s.     Price,  Rs.  2. 
Vol.  II,  No.  IX.         Life- Histories  of  Indian  Insects — II.  Some  Aquatic  Bhynchota  and  Coleop' 

tera,  by  D.  Nowrojee,  b.a.     Price,  R.  1-8. 
Vol.  II,  No.  X,  Life-Histories   of    Indian    Insects — III.     The   Rhinoceros    Beetle    (Oryctes 

rhinoceros)  and  the  Red  or  Palm  Weevil  (Bhynchophorus  ferrugineus), 

by  C.  C.  Ghosh,  b.a.     Price,  Rs.  2. 
Vol.  III.  The  Food  of  Birds  in  India,  by  C.   W.  Mason,  m.s.b.a.c,  edited  by  H. 

Maxwell-Lefkoy,  m.a.,  F.E.S.,  f.z.s.     Price,  Rs.  7-8. 
Vol.  IV,  No.  I.  Eri  Silk,  by  H.  Maxwell-Lefroy,  m.a.,  f.e.s.,  f.z.s.;  and  0.  C.  Ghosh, 

b.a.     Price,  Rs.  3. 
Vol.  IV,  No.  II.         Tetriginse  (Acridiince)  in  the  Agricultural  Research  Institute,  Pusa,  Bihar, 

with  description  of  new  species,  by  J.  L.  Hancock,  f.e.s.     Price,  R.  1. 
Vol.  IV,  No.  III.     The  Big  Brown  Cricket  (Brachytrypes  achatinus,  StoU),  by  C.   C.   Ghosh, 

b.a.     Price,  R.  1. 
Vol.  IV,  No.  IV.        Life-Histories   of    Indian   Insects — IV.     (Hymenoptera),   by   GoviND   Ram 

DuTT,  B.A.     Price,  Rs.  2. 
Vol.  IV,  No.  V.  Inquiry  into  the  Insecticidal  action  of  some  Mineral  and  other  Compoimds 

on  Caterpillars,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.  ;  and  R.  S.  Finlow, 

B.sc.     Price,  R.  1-8. 
Vol.  IV,  No.  VI.        The  "  Psylla  "  Disease  of  Indigo,  by  A.  J.  Grove,  m.sc  ;  and  0.  C.  Ghosh, 

B.A.     Price,  R.  1-8  or  2s.  6d. 
Vol.  V,  No.  I.  Life-Histories  of   Indian  Insects — V.   Lepidoptera   (Butterflies),  by  C.   C 

Ghosh,  b.a.     Price,  Rs.  2-8  or  3s.  9d. 
Vol.  V,  No.  II.  The  Indian  Sugarcane   Leaf-hopper   (Pyrilla  dberrans,  Kirby),   by  C    S. 

MiSRA,  b.a.     (In  the  press.) 
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BACTERIOLOGICAL  SERIES. 

Vol.  I,  No.  1.  Studies  in  Bacteriological  Analysis  of   Indian   Soils   No.    1,   1910-11,   by 

C.  M.  Hutchinson,  b.a.     Price,  Rs.  2-8. 
Vol.  I,  No.  II.  Rangpur  Tobacco  Wilt,  by  C.  M.  Hutchinson,  b.a.     Price,  Rs.  2. 

Vol.  I,  No.  III.  A    New    Nitrite-forming    Organism,    by    N.    V.    JosHi,    b.a.,    b.sc,  L.Ag. 

Price,  R.  1  or  Is.  6d. 
Vol.  I,  No.  IV.  Azotobacter  and   Nitrogen  Fixation   in  Indian  Soils,   by  J.    H.    Walton, 

B.A.,  B.sc.     Price,  R.  1  or  la.  6d. 
Vol.  I,  No.  V.  Bacterial  Rot  of  Stored  Potato  Tubers,  by  C.  M.  Hutchinson,  b.a.,  and 

N.  V.  JosHi,  b.a.,  b.sc,  L.Ag.     Price,  R.  1  or  Is.  6d. 
Vol.  I,  No.  VI.  Bukhar — the  Indian  Rice  Beer  Ferment,  by  C.  M.  Hutchinson  and  C.  S. 

Ram  Axxab,  b.a.     Price,  R.  1  or  Is.  M. 

VETERINARY  SERIES. 

Vol.  I,  No.  I.  Anaphylaxis  in  the  larger 'Animals,  by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc. 

Price,  Rs.  2. 

Vol.  I,  No.  II.  Salvarsan  in  the  Treatment  of   Surra  in   Horses,   Dogs  and  Rabbits,   by 

Major  J.  D.  E.  Holmes,  m.a.,  d.sc.     Price,  R.  1-4. 

Vol.  I,  No.  III.  Some  more  Successful  Experiments  on  the  Treatment  of  Surra  in  the  Camel 

with  Recommendations  for  Systematic  Treatment,  by  A.  S.  Leese, 
M.R.c.v.s.     Price,  R.  1. 

Vol.  I,  No.  IV.  On  the  Immune  bodies  occurring  in  Anti-Rinderpest  Serum  and  on  the 

Variations  occurring  in  the  Seriun  Proteins  of  Animals  during  Rinderpest 
and  during  Immunization  and  Hyper-Immunization,  by  P.  Haetlet,  d.sc. 
Price,  Rs.  2. 

Vol.  II,  No.  I.  Some  cases  of  Surra  treated  in  the  Field  and  in  the  Laboratory  during  the 

autumn  of  1911,  by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc.     Price,  R.  1. 

Vol.  II,  No.  II.  Rinderpest  : — Further    investigations    on    questions    connected     with    the 

Economical  Production  of  Anti-Serum,  by  Major  J.  D.  E.  Holmes, 
M.A.,  d.sc.     Price,  R.  1. 

Vol.  II,  No.  III.  The  Curative  Treatment  of  Haemorrhagic  Septic£emia  in  Cattle  by  the 
administration  of  Iodine  and  other  notes  on  Chemiotherapy  in  Rinder- 
pest and  Haemorrhagic  Septicsemia,  by  Major  J.  D.  E.  Holmes,  c.i.e., 
M.A.,  D.sc.     Price,  R.  1  or  Is.  (>d. 

Vol.  II,  No.  IV.  The  Vitality  of  the  Haemorrhagic  Septicaemia  Organism  outside  the  body, 
by  Major *J.  D.  E.  Holmes,  c.i.e.,  m.a.,  d.sc.     Price,  R.  1  or  Is.  dd. 

Vol.  II,  No.  V.  Bursati,  by  Major  J.  D.  E.  Holmes,  c.i.e.,  m.a.,  d.sc     Price,  R.  1-8  or 

2s.  3d. 

Vol.  II,  No.  VI.  Experiments  on  the  treatment  of  Surra  in  Camels,  by  H.  E.  Cnoss, 
D.V.H.,  A.sc.     Price,  R.  1  or  Is.  6d. 

Vol.  II,  No.  VII.  Anthrax.  Some  Exi)eriments  on  the  Immunizing  effect  of  the  Simul- 
taneous Injection  of  an  Anthrax  Attenuated  Virus  and  an  Anthrax  Anti- 
serum, by  Major  J.  D.  E.  Holmes,  c.i.e.,  m.a.,  d.sc.  Price,  R.  1  or 
la.  6rf. 

BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH 
INSTITUTE,  PUSA. 

Notes  on  Cotton  in  Bihar  in  1904,  by  H.  M.  Lefko-jt,  m.a.,  f.e.s.,  r.z.s.     Price,  As.  4 

or  dd. 
An  Outbreak  of  Cotton  Pests  in  the  Punjab,  1905,  by  H.   M.   Lefroy,  m.a.,  f.e.s., 

F.z.s.     Price,  As.  6  or  Id. 
The  Extension  of  Jute  Cultivation  in  India,  by  R.  S.  Finlow,  b.sc.     Price,  As.  12  or 

Is.  2,d.     {Out  of  print.) 
First  Report  on  the  Fruit  Experiments  at  Pusa,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s. 

Price,  As.  6  or  6d. 
Report  on  Trials  of  the  South  African  Locust  Fungus  in  India,  by  E.   J.   Butler, 

M.B.,  F.L.S. ;  and  H.  M.  Lefp.ot,  m.a.,  f.e.s.     Price,  As.  2  or  Zd. 
Ticks    Infesting   Domesticated    Animals    in    India,    by    C.    Warburton,    m.a.     Price, 

As.  4  or  dd.     {Out  of  print.) 
A  Preliminary  Account  of  the  Biting  Flies  of  India,  by  H.  M.  Lefroy,  m.a.,  f.e.s., 

f.z.s.     Price,  R.  1  or  Is.  6d.     [Out  of  print.) 
Official  and  Recommended  Methods  for  use  in  Chemical  Laboratories  of  the  Depart- 
ments of  i^riculture  in  India,  by  J.  Walter  Leather,  Ph.D.,  f.i.c.    Price,  As.  4 
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BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH 
INSTITUTE,  P\)SA— continued. 

No.     9.     Report  on  Coconut  Palm  Disease  in  Travancore,  by  E,  J.  Butleb,,  m.b.,  r.L.a.     Price, 

As.  6  or  6d.     (Out  of  print.) 
No.  10.     Treatment  and  Observation  of  Crop  Pests  on  the  Pusa  Farm,  by  H,  M.  Lbfroy,  m.a., 

F.E.S.,  F.z.s. ;  and  C.  S.  Misra,  b.a.     Price,  As.  6  or  Id.     {Out  of  print.) 
No.  11.     On  Flax  Dodder,  by  A.  Howarb,  m.a.,  a.r.c.s.,  f.l.s.     Price,  As.  4  or  6d.     {Out  of 

print.) 
No.  12.     The  Making  and  Care  of  Lawns  in  India,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.     Price, 

As.  4  or6d.     {Out  of  print.) 
No.  13.     Sugarcane  at  the  Partabgarh  Experiment  Station,  by  G.   Clarke,  f.i.c.  ;  and  Khaa 

Bahadur  S.  M.  Hadi,  m.r.a.s.     Price,  As.  6  or  6d. 
No.  14.     The  Milling  and   Baking   Qualities   of   Indian  Wheats   No.    1  by  A.    Howard,   m.a., 

A.R.C.S.,  F.L.S. ;  and  Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4  or  6d. 
No.  15.     Note  on  the  Extension  of  Cultivation  of  Fibre  Plants  in  India.     Price,  As.  6  or  Bd. 
No.  16.     Second  Report  on  the  Fruit  Experiments  at  Pusa,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s. 

Price,  As.  6  or  8d. 
No.  17.     The  Milling  and  Baking  Qualities  of  Indian  Wheats,  No.  2 — Some  new  Pusa  Selections 

tested  in  1909,  by  A.  Howard,  m.a.,  a.r.c.s.,  f.l.s.;  and  Gabrielle  L.  C.  Howard, 

m.a.     Price,  As.  6  or  8rf. 
No.  18.     Report  on  the  outbreak  of  Blister  Blight  on  Tea  in  the  Darjeeling  District  in  1908-09, 

by  W.  McRae,  m.a.,  b.sc.     Price,  R.  1  or  Is.  6d. 
No.  19.     List  of  names  used  m  India  for  common  insects.     Compiled  in  the  Laboratory  of  the 

Imperial  Entomologist,  Pusa.     Price,  As.  12  or  Is.  2d. 
No.  20.     Memorandum  on  Indian  Wheat  for  the  British  Market,  by  Sir  James   Wilson,  k.c.s.i. 

Price,  As.  4  or  6d. 
No.  21.     Memorandum  regarding  Leading  Eucalypts  suitable  for  India,  by  F.   Booth- TtrcKEB. 

Price,  As.  4  or  5f/.     (Out  of  print.) 
No.  22.     The  Milling  and  Baking  Qualities  of  Indian  Wheats,  No.  3.     Some  New  Pusa  Hybrids 

tested  in  1910,  by  Albert  Howard,  m.a.,  a.r.c.s.,  f.l.s.  ;  and  Gabrielle  L.   C. 

Howard,  m.a.     Price,  As.  7  or  8d. 
No.  23.     Insecticides — Mixtures  and  Recipes  for  use  against  Insects  in  the  field,  the  orchard, 

the  garden  and  the  house,  by  H.  M.  Lefroy,  m.a.,  f.e.s.,  f.z.s.     Second  Edition, 

revised  and  enlarged  by  T.  Bainbrigge  Fletcher,  b.n.,  f.e.s.,  f.z.s.     Price,  As.  12 
•    or  Is.  2d. 
No.  24.     The  Indian  Saltpetre  Industry,  by  J.  Walter  Leather,  Ph.D.,  f.i.c.  ;  and  Jatindra 

Nath  Mukherjee,  b.a.,  b.sc     Price,  As.  8  or  9d. 
No.  25.     Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  year  1910-11,  by 

E.  M.  Vandekerkhove.     Price,  As.  6  or  Id. 
No.  26.     Note  on  the  present  Position  of  Cotton  Investigation  in  India,  by  Bernard  Coventry, 

c.i.e.     Price,  As.  2  or  Zd. 
No.  27.     Experiments  on  the  Cultivation  of  Sugarcane  at  the  Partabgarh  Experiment  Station, 

1909-11,  by  G.  Clarke,  f.i.c.  ;  H.  E.  Annett,  b.sc.  ;  and  Syed  Zamin  Hussain,  b.a., 

assisted  by  S.  C.  Banerjee  and  Naib  Hussain.     Price,  As.  5  or  6d. 
No.  28.     The  Cultivation  of  Lac  in  the  Plains  of  India,  by  C.  S.  Misra,  b.a.     (Revised  Edition). 

Price,  As.  8  or  9d.  ' 

No.  29.     Directions  for  the  cultivation  of  Eri  Silk  (Revised  Edition).     Price,  As.  3  or  4rf. 
No.  30.     Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  year  1911-12,  by 

E.  M.  Vandekerkhove.     Price,  As.  1-6  or  2d. 
No.  31.     Wheat  Experiments  on  the  Botanical  Area,   Cawnpur,  and  their  bearing  on  Wheat 

Cultivation  in  the  United  Provinces,  by  H.  Martin  Leake,  m.a.,  and  Ram  Prasad. 

Price,  As.  3  or  4e?. 
No.  32.     A  Note  on  some  Interesting  Results  following  the  Internal  Administration  of  Arsenic  in 

Canker  and  other  Diseases  of  the  Foot  in  Horses,  by  Major  J.  D    E.  Holmes    m  a 

D.sc.     Price,  As.  2  or  3rf.  '     •  ■' 

No.  33.     Some  Aspects  of  the  Agricultural  Development  of  Bihar,  by  A.  Howard,  m.a     arcs 

F.L.S.     Price,  As.  4  or  5c?.  >        •  •  •> 

No.  34.    Diseases  of  Rice,  by  E.  J.  Butler,  m.b.,  f.l.s.    Price,  As.  8  or  9d. 
No.  35.     Report  on  the  Flax  Experiments  conducted  at  Dooriah  during  the  vear  1912-13    bv 

E.  M.  Vandekerkhove.     Price,  As.  3  or  4d.  a  J  ^.   "y 

No.  36.     Note  on  the  M'Fadyean  Staining  Reaction  for  Anthrax  Bacilli,  by  Maior  J    D    E 

Holmes,  m.a.,  d.sc     Price,  As.  4  or  5d.  j         j         ■      •      • 

No.  37.     Notes  on  Experiments  with  Sugarcane  at  Sabour,  by  C.  Somers  Taylor    b  a      Price 

As.  2  or  3^.  >     •  •  , 

No.  38.     Disintegration  of  Rice  Grains  by  means  of  Alkali,  by  F.  J.  Warth,  m  so  •  and  D    B 

Darabsett,  b.sc.     Price,  As.  6  or  7rf.  >     ■     •>  •  "• 

No.  39.     Instructions  for  rearing  Mulberry  Silk-worms,  by  M.  N.  De.     (Second  revised  edition  ) 
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Price,  As.  8  or  9e?. 
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BULLETINS  ISSUED  BY  THE  AGRICULTURAL  RESEARCH 
INSTITUTE,  PDSA— continued. 

No.  40.     Green  ^Manuring  Expeiinient,  1912-13,  by  C.  M.  Hutchinson,  b.a.  ;  and  S.  Milligan, 

M.A.,  B.sc.     Price,  As.  4  or  5d. 
No.  41.     The  use  of  Sweet  Jowar  (Sorghum  sp.)  as  a  source  of  commercial  Sugar  or  as  Fodder 

and  the  variation  in  composition  of  the  crop  during  growth,  by  H.  E.  Annett,  b.^jc, 

F.i.c.     Price,  As.  2  or  Zd. 
No.  42.     Notes  on  Cane  Crusliing  in  the  United  Provinces,  by  G.  Clarke,  f.i.c,  Naib  Httsain 

and  S.  C.  Banekjee,  assisted  by  Lakshmi  Shankak.     Price,  As.  2  or  3rf. 
No.  43.     A  Note  on  the  Eftect  of  Heat  on  the  Rinderpest  Immune  Bodies,  by  Major  J.  D.  E. 

Holmes,  c.i.e.,  m.a.,  d.sc.     Price,  As.  2  or  3</. 
No.  44.     How  to  Improve  Silk-Eeeling  in  Bengal,  by  M.  N.  De.     Price,  As.  4  or  5d. 
No.  45.     The  Acid  Secretion  of  the  Gram  Plant,  C'icer  arietinum,  L.,  by  D.  L.  Sahasrabuddhb, 

B.sc,  L.Ag.     Price,  As.  2  or  Zd. 
No.  46.     Bee-Keeping,  by  C.  C.  Ghosh^  b.a.     Price,  As.  14  or  Is.  Ad. 
No.  47.     Notes  on  Sugar  Machinery  and  Manufacture  in  Northern  India,  1914,  by  Peteb  Abel. 

Price,  As.  5  or  6d. 
No.  48.     First  Report  on  the  Experiments  carried  out  at  Pusa  to  improve  the  Mulberry  SiUc 

Industry,  compiled  under  the  direction  of  the  Imperial  Entomologist,  by     M.   N. 

De.     Price,  As.  6  or  7d. 
No.  49.     The  E.xperimental  EiTor  in  Field  trials  with  Sugarcane  and  the  effect  on  this  error  of 

various  methods  of  Sampling,  by  H.  E.  Annett,  b.sc,  f.i.c.     Price,  As.  3  or  Ad. 
No.  50.     The  Improvement  of  Tobacco  Cultivation  in  Bihar,  by  A.  Howard,  c.i.e.,  m.a.  ;  and 

Gabrielle  L.  C.  Howard,  m.a.     Pi'ice,  As.  4  or  5d. 
No.  51.     First  Report  on  the  Improvement  of  Indigo  in  Bihar,  by  A.  Howard,  c.i.e.,  m.a.  ;  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4  or  5d. 
No.  52.     Soil  Ventilation,   by  A.   Howard,  c.i.e.,  m.a.,  and  Gabrielle  L.   C.   Howard,  m.a. 

(Second  edition).     Price,  As.  8  or  9d. 
No.  53.     Soil  Erosion  and   Surface  Drainage,  by  A.    Howard,   c.i.e.,  m.a.     (Second   edition.) 

Price,  As.  8  or  9d. 
No.  54.     Second  Report  on  the  Improvement  of  Indigo  in  Bihar,  by  A.  Howard,  C.I.E.,  M.A. ;  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  2  or  Zd. 
No.  55.     The  Manufacture  of  Jaggery  in  South  India,  by  A.   Chattbrton,  c.t.e.     Price,  As.  4 

or  5d. 
No.  56.     Green-Manuring  in  India,  by  A.  C.  Dobbs.     Price,  As.  6  or  7d. 
No.  57.     The  Detection  of  Added  Water  in  Milk  in  India,  by  J.    W.    Leather,  v.d.,  f.i.c. 

Price,  As.  2  or  Zd. 
No.  58.     Calocnris  avgustatus,  Leth.,  by  E.  Ballard,  b.a.,  f.e.s.     Price,  As.  4  or  5c?. 
No.  59.     One  Hundred  Notes  on  Indian  Insects,  by  T.  Bainbrigge  Fletcher,  f.l.s.,  f.e.s.,  f.z.s. 

Price,  As.  8  or  9d. 
No,  60.     A  comparison  of  the  "  Defibrination  "  and  "  Oxalate  "  methods  of  serum  preparation 

as    applied    to    Hiemorrha^ic    Septicaemia   and    Anthrax    Sera   together    with   some- 
analyses  of  buffalo  and  hill  bull  blood,  by  R.  V.  NoRRis,  M.sc,  d.sc,  f.i.c.     Price, 

As.  3  or  Ad. 
No.  61.     Soil  Aeration  in  Agriculture,  by  A.  Howard,  c.i.e.,  m.a.     Price,  As.  4  or  5^. 
No.  62.     A  Preliminary  Chemical  Study  of  the  Rices  of  Bihar  and  Orissa,  by  Jatindra  Nath 

Sen,  M.A.,  F.e.s.     Price,  As.  4  or  5d. 
No.  63.     A  modified  method  of  Green-manuring,  by  C.  M.  Hutchinson,  b.a.     Price,  As'.  2  or  Zd. 
No.  64.     Rinderpest — Preparation  of  Anti-serum,  "by  A.  W.  Shilston,  m.r.c.v.s.     Price,  As.  3 

or  Ad. 
No.  65.     A  study  in  the  assimilation  of  nutrients  by  the  Rice  Plant,  by  Jatindra  Nath  Sen, 

M.A.,  F.e.s.     Price,  As.  2  or  Zd. 
No.  66.     Berseem  as  a  new  fodder  crop  for  India,  by  G.  S.  Henderson,  n.d.a.,  n.d.d.     Price, 

As.  3  or  4d. 
No.  67.     Third  Report  on  the  Improvement  of  Indigo  in  Bihar,  by  A.  Howard,  c.i.e.,  m.a.,  and 

Gabrielle  L.  C.  Howard,  m.a.     Price,  As.  4  or  5d. 
No.  68.     Saltpetre— Its  origin  and  extraction  in  India,  by  C.  M.   Hutchinson,  b.a.     {In  the 

7irr  !<.<!.) 

BOOKS. 

"  innian  Inscr  i'i-;^Tf<.     tiv  ti.  M.  i.KKiu^y.  m.a.,  f.e.s.,  F.Z.S.     Price,  R.  1-8.     {Out  of  print.) 

"  Indian  Insect  Life,"  by  H.  M.  Lefroy,  m.a.,  F.E.3.,  F.Z.S. ;  and  F.  M.  Howlett,  b.a.,  pp.  786. 
Price,  R.s.  20  or  30*.     {<hit  of  print.) 

•'  Wheat  in  India,"  by  A.  Howard,  m.a.,  a.r.O.s.,  r.t.S. ;  and  Gabrielle  L.  C.  Howard,  m.a., 
pp.  288.     Price,  Rs.  5  or  7/>.  6d. 

"  A  Description  of  the  Imperial  B.icteriological  Laboratory,  Muktesar :  Its  Work  and  Pro- 
ducts." by  Major  J.  D.  E.  Holmes,  m.a.,  d.sc.     Price,  As.  8  or  9d. 

"  Agriculture'in  India,"  bv  J.  Mackenna,  m.a.,  i.c.s.     Price,  As.  4  or  5d. 

*'  Some  Diseases  of  Cattle 'in  India,  1916."     A  handbook  for  stock-owners.     Price,  As.  8  or  9f/. 
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